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Dear Mr. Price: oued ‘&Ql/'b

The Missouri Department of Health and Senior Services (MDHSS) recently received a copy of the
enclosed report prepared by Ozark Underground Laboratory (OUL), Fantastic Caverns Information for
Employees on TCE in Cave Air, dated September 1, 2016, that was reportedly presented to employees of
your client, Fantastic Caverns, on October 13, 2016. While MDHSS appreciates that Fantastic Caverns
is sharing information with employees, the information provided in this report is very troubling because
it misinforms the employees of trichloroethylene (TCE) exposure concerns and potential health risks.
The U.S. Environmental Protection Agency (EPA) also expressed similar concerns about the
information provided to Fantastic Cavern’s employees in a recent letter (enclosed) to the Missouri
Department of Natural Resources (MDNR). MDNR forwarded that letter to us and indicated that they
share EPA’s concerns. Therefore, please consider this letter a request by our combined agencies that
employees of Fantastic Caverns be immediately provided accurate health information on TCE exposure.

Of specific concern in the OUL report is the comparison of the cave air TCE levels to the Occupational
Safety and Health Administration (OSHA) Permissible Exposure Level (PEL) and the conclusion that,
since the levels detected in cave air are below this OSHA level, there is no health risk to employees.
While OSHA does in fact regulate workplace health and safety, OSHA PELs apply to
commercial/industrial operations where the subject chemicals are in active use or production. Since the
source of TCE in air within Fantastic Caverns is from environmental contamination and not from the use
or production of TCE at the facility, OSHA standards are not applicable for the cave. MDNR previously
provided information to the cave owner by email on September 2, 2016 regarding the inappropriateness
of use of OSHA PELs at this site, and that information sheet is enclosed again with this letter for
reference. In addition to the information provided in this enclosure, it is also worthy to note that OSHA
too recognizes that many PELs “are outdated and inadequate for ensuring protection of worker health.”
(www.osha.gov/dsg/annotated-pels)

EPA uses current science to calculate health protective standards for chemical exposure to protect
individuals, including workers, at sites with environmental contamination. An EPA Region VII memo
titled Action Levels for Trichloroethylene in Air (November 02, 2016) provides the recommended action
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levels for TCE in air as well as information on characterizing and addressing human health risk from
less than life-time exposures. The memo is included as an enclosure.

Air samples from the cave collected as long ago as 2004 and as recently as this year have shown
intermittent elevations of TCE significantly above the current EPA level. Both MDHSS and MDNR
previously recommended that employees of Fantastic Caverns be informed that TCE has been detected
in cave air above levels of health concern and that the employees be provided with applicable health
information on TCE exposure. The agencies followed up on several occasions (September 2, 19, and
October 6, 2016) by providing the enclosed employee fact sheet to assist with informing employees. It
is imperative that employees are adequately informed of the TCE exposure concern and the potential
health risks. Therefore, employees must be provided with the information in the enclosed Fantastic
Caverns Employee Fact Sheet (developed by MDHSS and MDNR) and the TCE fact sheet (developed
by the federal Agency for Toxic Substances and Disease Registry). Because of the potential risk to
human health from elevated TCE exposures, please provide MDHSS with documentation that owners
and employees at Fantastic Caverns have received this important information regarding health risks
from exposure to TCE.

Furthermore, the workers should be made aware that MDHSS is available to answer health-related
questions as needed. MDHSS is available upon request to meet in person, provide a presentation, and
address any health concerns that Fantastic Caverns’ owners or employees may have.

If you have any questions or concerns regarding these issues, please feel free to contact me at (573) 751-
6102. Additionally, if you have any questions for MDNR, please contact Dennis Stinson at (573) 751-
1388.

Sinceregly,

Jonathan Garoutte, Ci;"ef

Bureau of Environmental Epidemiology

JG:DW:MDH

cc: Dennis Stinson, MDNR
Steve Sturgess, MDNR
Mary Peterson, EPA
Spencer Williams, ATSDR

Enclosures



Staff Meeting-TCE in cave air
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Fantastic Caverns
Informatlon for Employees on TCE in Cave Alr

Tom Aley, Missouri Registered Geologist #0989
Senior Hydrogeologist and President
Ozark Underground Laboratory
September 1, 2016
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Purpase

-Very .small. concentratlons of the. chemical, tnchloroethylene (TCE) ‘an sometlmes"be
detected in the air of Fantastic Caverns Management of the. € averns asked the Ozark
Underground Laboratorv to prepare awritten mformatlon 'f 0 _:'employees so that they can be
mformed abotit the'i: assue. <f hat! |s’the1purposg of thls“brref report‘ S

k\e LR [} _l’v‘

. TCE has, so far as we éan ’det rrminey* nevewq
cave property where it mrghtlen}te'r thF cave 4t enter

a volatile compound and can moy rom,warter into; air Qon from aif into water. Thé TCE in the s
cave-air Is-attributable to-spilfage; dlsposal" or the: underground movement of- th|s—compound A

kY
W|th|n the 12.72:square mlle rechar area for the cave’ B ey

’:\\\ _Q_’ ‘.\.':‘.:

e e =

Y concentratlons.zm&ch hlgher than hose ~encoyp ;ed‘ip Fantastuc Caverns TCE is

1

idéntified by the' governme\nt as a.carclnpgen (can%er—causmg\agent) Sonie very limited Stuidies
have -suggested-that-low" concentratlons-_ Bf~ TC£~—m— air- mlght pre?ent some risk--of--health-

consequences TCE In either air or wa'ter-r epossdii\? awvé T |mpact cave features. . .
AP
: e

Background
e - o -t o ......*_.if”:_.'....,_-. POt o % : . N
IflCthfOGttheneZ(TEE)YVVHS heawly used asa Soiveﬁ‘lt ‘from the ‘early 19205 through the
19705 _but after the 1970s |t~‘!be ame 1&s3, popular dugitsler fenvuronmental concerns [Bakke etal.
2007) TCE is recogmzed as AW _ uﬁatl akgarcmogg,nrml waternand alr. Some studies have E
suggested an. association between~TCE &posure |nyq fer wpm' ‘j._and “heart defects in their
babies- but~study results.are? quéﬁlonable Bedause: ofJ the- smaiil numbers_‘ of cases;-insufficient
exposure chararsterrlatloni*chemicakco-exposures, and ’o"ﬁ\ er methodologlcal deficiencles (Chiu.
et al. 2013). One of the. hkel?/‘,*:butcunassessed, hco-exposures is.;to'Zafran. This drug was hot

approved by the FDA for treatment of, mormngﬂsrckness,—but\ha been(glven to about a m'llm o 1

"Exposure to TCE in workplacen r s’ regulated by OSHA Th{e |m|t i air is 100° parts per -
mtllron (ppm)-of -TCE tlme welghted a "-rage ovér an 8-Haur-work perrod ~This. level is defined

(as per ATSDR 2007). ‘as- concentratron for a normal “8-hot- workday and’ 40~hour work week
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[that is] set at a level at Wthh nearly all workers may be repeatedly exposed without adverse
effects.” ' The 100 ppm concentratlon is equal to 537,000 micrograms of TCE per cubic meter of
air. There is no other establlshed federal standard although the US Envnronmental Protectlon
. Agency (EPA) has. a current target concentratlon in air lmpacted by Superfund sites of 6
micrograms of TCE per cublc meter of air. No, this is not a typo. Yes, | the legal limit established
by OSHA'is over 90 000 tlmes greater than the EPA target. There is no scientific reason that TCE:
derived from a Superfund site should be 90, 000 times more harmful than TCE from other.
sources. The appropriateness and reasonableness of this target is not supported by credible
data and is strongly challenged (Coffin et aI undated) Also there is no Superfund site in the
recharge area for Fantastlc Caverns
Bakke et al (2007) report that the mean TCE concentratlon in workplace alr at 5|tes
_ w,here TCE is used |s 38.2 ppm (208, 954 mlcrograms per cublc meter). '[hls value is based on aII '
mdustrles and decades, but most measurements are from the 19505 19705, and 19805 An '

estlmate by Natlonal lnstltute for Occupatlonal Safety and Health (NlOSH) in 1973 was that o

200 000 workers were potentnally exposed to TCE. In 1978 the number was rewsed downward ,
to 100 000 fulitime exposures with up to 3.5 million more workers exposed t6 continuous low’
levels or to- brief exposures to various levels of TCE (Sittig 1985). | have found no. stuvdlesf_
suggesting that children of workers who had exposures to TCE many thousands of tlmes greater
than the EPA target concentration were born with an elevated frequency of deformed hearts
Perhaps such studies exist; if they do not their absence suggests that obwous mvestlgatlons
have been omitted in,EPA’s rush to establish minute target concentrations, . .. .
Current production of TCE in-the US exceeds a million pounds per"year It can be
purchased wuthout any. permut or tralnlng and is. easnly avallable on the, mternet Its ‘many uses
have mcluded e ; -
__°__ ,;Asa dry cleamnghquld e : e
. ‘_‘...Metal degreasnng and in cleamng electromc parts Thls |s the Iargest smgle use. ',f
. mssolvmg fats, greases, and waxes. It has sometimes been used in cleamng sewers and _:
septic systems of fat and grease. it undoubtedly works wonders on clogged sewers or
.. .greasetraps atcafésll Caid o uT Creen e
- * . Cleaning auto. parts, and espec:ally for cleanlng carburetors and brakes

-.» . ~For. removing caffeine from.coffee and other.oils fromspices. . . . = ... L -
* - Asa refrigerant and. heat exchange Ilquld T U S R P
e cAsafumigante v sl e S s e -

-« inmedicine as an anesthetlc where |t was: often admmlstered durmg Chlld blrth
L ey iy T':--:"i"i'.":"".-'T_'!'_:\':' IS PN ST N P R L I T ‘; i
Because of the many dlfferent uses:of TCE: at multlple sntes the compound is widely-
dispersed in both air and watér. Verschueren (1983) reports that TCE is found in municipal
sewer air at 10.to.100-parts-per million'(ppm).-: This'equals a-concentration range in sewer air of
54,700 to-547,000: micrograms:per .cubic meter.:of:air..-The TCE in sewer.air is derived. from
disposal of the:compound into:drains as-a liquid. Within the sewers some of the TCE volatilizes :
and is then present in .both-.the-_air.-and.the water of-the sewers. TCE can move from water into_
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alr or from allr mto water and as a result in karst areas can be transported undé

b"th) alr and water " THe' concentratron of TCE, |n mu; "'crpal
probably smaller'than reported by Verschueren (1983), yet sewers' especrall
are notorlous for l'ng sgmge (and thus TCE) lnto groundwater
M _vate and publlc sewers in’the’ 1271 square mlle recharge are_a for Fantastlc':'_
sewers are |n addmon to th dozens of pomt sources in the rech. _rge area where "

rns.
TCE has been du ' ped or spllled unto the karst groundwater svstem

| “Thire are three fattors that explain thetong-term persrstence of TCE in’ the subsui'face.

"First, TCE is not very soluble in water. TO dissolve one pound of TCE iAt water you | wodldheed

280 pounds of water and good mlxmg Second, TCEis 1. 46 times denser than water Where

water i deta?ned in cavmes in hmestohe_ thé"‘ﬁh‘drssolved TCE smks 6’ the"b Sttorn’ of the
IENE

e F g todd el at R

detammg ools an hd’ is’ not ﬂushed _ or hy becommg rapldly dis ol\}ed {n the ‘
passtn water. Third and thls |s 'e pe _allv true m Missodn kars’t areas h'az‘ardous wast‘e Srtes ‘
with TCE are fre uently ma'dequately m"naged It |s common to ﬁnd tha‘t"TCﬁ.‘r‘é’r’r‘r”o’ ¢ rorn K

Nt ey Dy DOZVSY st & mn
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first, there is no' mdrca’tron thjat YCE' has ex?er been’uséd mside Fantastlé Chivernd? Am/
TCEin the cave s air or water is from off—srte sourcese .
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The a"rea fhat contnbutes “Warerfo F4htastic’ ‘CavBing (cdﬁed”th?a* n'tasﬂc/B"r'é Wimams “
 spring Recharge Area) was delineated by Aley and Thomson (2002) based on all tracmg dd’ne ﬁﬁ"
to that date by all entities mcludmg MDNR and. Spnngﬁeld City Utrht"' sife it a‘d'é?e inicluded
210 traces f?otn“‘1898 ta‘r_zooz i Greéne Coﬁntv “Te Fécharge’ area en’éé’m‘p s2:889 $93"quare

milag Jewas T g i3 samiy 28 T ?3Hwh D enpaLag B 7_‘?.ﬂr1wara °
IO PA LT FLRRESe -'-1--.--..-' 1287 IRy (3.}‘ e '-'3.,'."';,{ T ArLy Yy A r;,'i 1« xR 'c.,l.'*‘r,:/; “.t't(-.u_--

y There are many potentral source areas for TCE in this large re‘ch‘arge aréd. 'Onésite that
has received substatitial’ atteritiolt” 3¢ & TCESolrce” i Greena feountyris “the 'fofme“t ‘Litton
wastewater |agoon It was loéated in J'sinkhole éast 'of th""Sprmgﬂeld iRégional-Alfport: MDNR
introduced dye into this sinkhole on January 19, 1989 '(AleY: and Thomsan 2002): Dyefrom this
introduction was NOT detected at either Big Williams or Fantastic Caverns sptings:instead, the
dye from this {ntfoductioniwas: detected: at:Ritter-Springs: West'nThendye, introduction for the
MDNR trace was east of the recharge area divide between Ritter Springs and the Fantastnc/Blg
Wilhams Springs«Complex as: drawn;by Aley-and Thomson (2002):c s o

PERTICIRTINE L BT AN At 30T 3afds adrgn d e TR IRt NELPER L giEwW i Wi

S TAR I TRERI I

?0 '« The: former-thton‘plant'is Jocated:-westof theiditton wastewater. lagoon’ and is within theii -

delmeated ‘Fantastic/Big Williams SprmgtComplex et | rs.mossrblenthat theresmay-~be TCE An
groundwater i thisarea;but:as-of the time-of the Aley:and: ThomsonJ(ZOOZ) study;thete -had -
beén. nNo* groundwater tracing from-this: ;plant 'site~tos any: hydrologncaﬂy assocnated sprmgs.':'-
There has been-a dve trace conducted from a smkhole at the airport that is about 1,800 feet
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northwest of the former Litton lagoon. Dye from that trace discharged at the Fantastic
Caverns/Big Williams Spring Complex. ' - :

The former Litton facility is. about 17,000 feet from Fantastic Caverns. | am not aw'are'of'

‘any data to support attributing TCE in Fantastrc Caverns to the former Litton plant. . Given the

large recharge area for Fantastic Caverns and past and current land use in the area there are

many potential sources for the TCE detected in the cave. The former Litton lagoon is not _

among them ;
_ ""[CE Measurements -

Momtoring for TCE has been conducted in Fantastlc Caverns by MDNR ThlS has
occurred on five dates with a total of 10 measurements. The values are shown below

Season : 'Number ' of | Range of Values | Mean"
Measurements - {(micrograms/cubic (mlcrograms/cublc
R meterf ... | meter] -
Winter... . 5 1<5.3t053. .. NES
Spring |3 094t9150 . . .. |51
Summer 2 61 to 88 |75
Fa“ : Pen a :‘_‘05 L e e IR e
Annual I B U A ARy 10 94 to 150 s 138 L

Note: ln calculatlng means; values‘ those shown .as: less than were- assumed to be zero. .

» . +Based onithe measurements. that have been'made| conclude that: .- .- - - .- ;...
: t:_-.\ '--Thec.OSHA limit for, TCE in: workplace air is 547,000 micrograms. per cublc meter ThlS is
over 15,000 times higher than the mean value measured in Fantastic Caverns... :

* The highest value measured in the cave was 150 mlcrograms per cubic meter The
.- QSHAHIimit is:over 3,600 times higher than:this. measurement. <. cxnio iyl ‘
* ThHe OSHA fimit is for an' 8:hour time-weighted average: ifa person spends four hours—'"
per day In the cave the OSHA limit would be over 30,000 times higher than the actual
> :employee exposure based on thetmeans'mea‘sured_9valué.and-;it.-WOuld be: about: 7,300
" times higher than the actual employee exposure at the largest'concentration:-measured.-
* Because of airflow patterns, the portions of the cave likely to have the’ highest TCE
concentrations-are the locations measured. - Average TCE concentrations in the't:ave are
likely to be about half of the measured concentratlons As a result employee exposures
.+ .to the-airin:Fantastic Caverns are minute.: o R R o7
*  The MDNR monitoring has shown that Fantastlc Caverns is fully in compllance wrth the
-_OSHA limits for TCE in workplace air. No more momtormg IS needed or is appropnate

L tE '."l'v; AT L e R N TS Y CRS:

ImpactstotheCave Ao ila e e

- - ’An.air.contaminant such as TCE ‘has the potential to- lmpact the hature and extent of
calcrte speleothems (cave formations). The technical literature; for-:example "Hill and " Forti -




(199"7—)',"' is basically speculative on’ this tdpic Regardless of thIS, TCE m the cave a|r is
undesirable but will undoubtedly persist for many years. Its impact on cdve orgamsms at the”
concentratlons hkely found in the cave stream |s also unknown

H ,,‘_:‘; o T " te _'.".""'i.--'."'" .

' L g ATV ma :
One pnvately—owned show cave has ecently alled an eIa rate 'forced: a|r ventllat|on

system and other features to reduce TCE’ ‘cave ‘air to levels below the EPA
target” flevel “of 6 micrograms per ‘Cubic” meter of a|r ThIS wili almiost certalnly cause’
environmental damage to the cave; the severity of the damage to the cave and to the show
cave business has not been determined. This other show cave is known to be connected toa
distant Superfund site and in this way it differs. from Fantastic Cavernt." Tha' EPA has done no
environmental assessment of the lmpact of thls dramatlc alteratlon to the natural m|croc||mate
of this other sh_ w"cave oo oAt RNy TR e R
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 7
11201 Renner Boulevard
Lenexa, Kansas 66219

DEC 0 9 2015

Steve Sturgess

Missouri Department of Natural Resources
P.O. Box 176

Jefferson City, Missouri 65102-0176

Dear Mr Sturgess:

Thank you for providing a copy of the Fantastic Cavemns Information for Employees on TCE in Cave
Air, authored by Tom Aley, dated September 1, that was provided to employees by Fantastic Caverns at
a facility meeting on October 13, 2016 (TCE Fact Sheet). The U.S. Environmental Protection Agency
considers it an important step that the employees of Fantastic Caverns have information about the
measured levels of TCE at the caverns. However, the EPA believes there is information in the TCE Fact
Sheet that may mislead employees about the risks of exposure to TCE in air. Specifically, the EPA
action level is based on the most current scientific studies that were not available when the Occupational
Safety and Health Administration established the Permissible Exposure Levels for TCE. As noted on
OSHA'’s website (www.osha.gov/dsg/annotated-pels) many PELs “are outdated and inadequate for
ensuring protection of worker health.” The TCE Fact Sheet also incorrectly dismisses the need to study
or address the TCE contamination to ensure the health of employees and guest tourists.

The TCE risk-based action level for a typical industrial/commercial scenario with an 8 hour workday is
6 pg/m>® (EPA, 2016). This level is based on the TCE chronic reference concentration of 2 pg/m’® and an
assumption that a single exposure to TCE at any time during an approximate three-week period in early
pregnancy could result in one or more types of cardiac malformations. Thus, the critical exposure period
of concern used to evaluate the potential for heart defects and derive the TCE action level is one day.
Chronic exposure to TCE may affect the central nervous system, kidneys, liver, immune system, and/or
male reproductive system, and poses cancer risks. An exceedance of the TCE action level indicates a
potential imminent threat to human health. The EPA applies this analysis to sites with environmental
contamination, and the OSHA standard referred to in the employee fact sheet is not a risk-based level
that the EPA would agply to this situation.

The employees of Fantastic Caverns should be made aware how the EPA calculates the risks from
exposure to TCE, and how the EPA uses the most current scientific information to protect workers and
others at sites with environmental contamination. The EPA is available to discuss with MDNR and
MDHSS options for enhancing communication with employees at Fantastic Caverns to ensure they
receive correct information regarding potential health risks from exposure to TCE.

If you have any questions, please call me at (913) 551-7882.

Sincerely,-

P, "Peterson, Director
Superfund Division

q %&B Printed on Recycled Paper
%22



OSHA TCE LEVELS
The OSHA PEL for TCE is 100 ppm, which equates to 537,423 pg/m’.

While OSHA does in fact regulate workplace health and safety, OSHA workplace air standards
are applicable to commercial/industrial operations where the subject chemicals are in active use
or production. Since the source of TCE in air within Fantastic Caverns is from environmental
contamination and not from the use or production of TCE, OSHA standards are not applicable in
this instance.

Where potential worker exposures are due to contamination of the environment and not from
work practices, risk-based levels protective of both cancer and non-cancer effects (including
sensitive individuals) are applicable to both assessing potential exposures and developing risk-
based remediation levels.

The key distinctions between OSHA standards and risk-based levels include the underlying
assumptions about the context of workplace exposures, the characteristics of the workers being
protected, and the level of protection afforded to workers.

OSHA standards specifically apply to workplaces where workers are exposed to hazardous
chemicals used in or generated as a result of routine work activities. These workers are assumed
to be aware of the chemicals to which they are exposed and can obtain information on them
through Right-to-Know laws. OSHA standards assume not only that workers are knowingly
exposed to specific chemicals in the workplace, but that they also receive additional protection
and training to mitigate exposures. OSHA requires workers to be trained to control or prevent
exceedances of its exposure standards (including the use of personal protective equipment to
help prevent excessive exposures), and also requires periodic worker health monitoring to ensure
that excessive exposures are not occurring. In addition, OSHA standards were developed
assuming a healthy adult worker and were not necessarily developed to be protective for
sensitive individuals, who may have preexisting health conditions, etc.

Although, MDHSS is not specifically questioning the protectiveness of the OSHA levels, we
would like to point out that these levels have not been updated in decades and are not based on
current science and toxicity data. Scientific evidence shows TCE is more toxic than previously
thought and, thus, there have been recent updates to toxicity values used in assessing exposure
and developing risk-based remediation levels. Currently, there are several orders of magnitude
difference between OSHA standards and current risk-based levels for TCE.

For additional information or questions, you may contact Michelle Hartman of Missouri
Department of Health and Senior Services at 573-751-6102.
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MEMORANDUM
SUBJECT: EPA Region7 Action\I/JCI\;e}s ‘E? Trichloroethylene in Air
FROM: Mike Beringer, Chief

Environmental Data & Assessment Branch
Environmental Sciences & Technology Division

TO: Branch Chiefs
Waste Enforcement and Materials Management Branch
and Waste Remediation & Permitting Branch
Air and Waste Management Division

Branch Chiefs
Superfund Division

The purpose of this memorandum is to update the U.S. Environmental Protection Agency Region 7
RCRA and Superfund programs on the recommended action levels for trichloroethylene (TCE) in air,
and provide information on characterizing and addressing human health risks from less-than-lifetime
exposures. The action level for a residential scenario is 2 pg/m>, and the action level for an
industrial/commercial scenario with an 8-hr workday is 6 pg/m>. Equations to allow derivation of action
levels for alternative scenarios, such as a 10-hr workday, are presented. As described in this attachment,
it is assumed that an exposure to TCE at any time during an approximate three-week period in early
pregnancy could result in one or more types of cardiac malformations. Thus, the critical exposure period
of concern used to evaluate the potential for heart defects and derive action levels for TCE is one day.
An exceedance of the TCE action level indicates a potential imminent threat to human health. Region 7
should expedite early or interim action(s) to eliminate, reduce, and/or control the hazards posed by the
site as quickly as possible. If you or your staff have any questions or need further assistance, please
contact Kelly Schumacher (x7963).

Expdﬁz}re Scenaﬁo V” Action Level
Residential (24 hours/day) 2 pg/m®
Industrial/Commercial (8 hours/day)’ 6 pg/m’

I'Site-specific action levels should be derived when the workday differs from 8 hours/day.
RECEIVED
Attachment NOV 03 2016
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EPA Region 7 Action Levels for Trichloroethylene in Air
Introduction

In 2011, the latest human health toxicity values for trichloroethylene were published by the United
States Environmental Protection Agency’s Integrated Risk Information System program (EPA, 2011a).
As discussed in this document, these new values are partly based on developmental health effects that
result from less-than-lifetime exposures. In contrast, the toxicity values typically used to evaluate
potential health risks and derive action levels at Superfund and RCRA sites are based on health effects
associated with long-term, or chronic exposures. Further, the equations and exposure parameters used
typically reflect all or a significant portion of a person’s lifetime. Once the current TCE values were
released, the protectiveness of using traditional approaches to assess and address TCE exposures was
questioned."The purpose of this memorandum is to update the EPA Region 7 RCRA and Superfund
programs on the recommended action levels for TCE in air and provide information on characterizing
and addressinghuman health risks from less‘than-lifetime exposures. To support these objectives, the
window of susceptibility for the developmental toxicity associated with TCE is examined, the critical
exposure penod of concern is 1dentxﬁed and the appropriate exposure parameters and equations are
elucidated. - ' '

Toxicity Assessment

The EPA’s final toxicological review by the IRIS program incorporates comments by the U.S. National
Academy of Sciences (National' Research Council; 2006); two U.S. EPA Science Advisory Boards
(EPA, 2002 and'2011b);:the Executive Office of the President (Office of Management and Budget, 2009
and 2011), the!U.S: Department of:Defense (DOD,-2009a, 2009b and2011), the National Aeronautics
and Space Administrationi(NASA, 2009 and2011), 'internal Agency reviewers, and the'public, among:
others. The Halogenated Solverits Industry Alliance;Inc., which represents the interests of TCE '
manufacturers and producers, submitted a Request for Correction of the TCE IRIS assessment (HSIA,
2013), which was denied by the EPA’s Acting Assistant Administrator (EPA, 2015):The HSIA then
submitted a Request for Reconsideration (HSIA; 2015), which was also denied by the EPA:(EPA,
2016a): The'EPA found the'Requests “directly contrary tothe SAB’s conclusions and'recommendations,
such that'to acceptfHSIA s RFC/RFR would requlre EPA to re]ect SAB’s advxce” (EPA 20164a).

iR ot
The EPA’s Office of Land ‘and Emergency ‘Management recognizes an IRIS assessment as the ofﬁcxal
Agency scientific position regarding the toxicity of a chemical based on the data available at the time of
the review (EPA, 2003). As such; IRIS is generally the preferred source of human health toxicity values
used to'evaluate risks at Superfund and RCRA: hazardous waste sites. In accordance with Directive
9285!7-53 (EPA, 2003), the 2011<IRIS TCE toxicity values will be used to evaluate risks and derive
action levels by the Region7 RCRA and Superfund programs until the 2011 values are either revised or
rescinded." >

Non-Carcinogenic Health Ejfects

In general, the EPA assumes that a dose or exposure level exists below which adverse non-carcinogenic
health effects will not occur (EPA, 1989). Below this threshold, it is believed that exposure to a
chemical is tolerated without adverse effects. Adverse health effects occur only when physiologic
protective mechanisms are overcome by exposure to doses or concentrations:above the threshold. For
chronic toxicity values, the first adverse effect (or its known precursor) that occurs to the most sensitive
species as the dose rate of an agent increases, regardless of the exposure duration, is designated the



critical endpoint. The dose or exposure at which the critical endpoint is observed is the point of
departure. Uncertainty factors, ranging from 1 to 3,000, reflecting limitations of the data used are
applied to the point of departure to derive the inhalation reference concentration. The RfC is an estimate
(with uncertainty spanning perhaps an order of magnitude) of a continuous inhalation exposure to the
human population (including sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime (EPA, 1989). ;

The 2011 Scientific Advisory Board:panel recommended that, “The two endpoints for immune effects
from Keil et al. (2009) and the cardiac malformations from Johnson et al. (2003) should be considered
the principal studies supporting the RfC” (EPA; 2011b). The panel considered the immune effects and
cardiac malformations co-critical endpoints (EPA; 2011b). In accordance with the SAB panel
recommendations, the IRIS program based the:TCE chronic reference concentration of 2 pug/m? on these
two co-critical endpoints, each of which can support the RfC.independently: autoimmune disease
following chronic exposure in adults (0.00033 ppm, or 1.8 pg/m*) and heart defects following exposure
during early:pregnancy (0.00037 ppm, or 2:0.pg/m?): The RfC is also supported by nephrotoxicity
(kidney effects) following chronic exposure:in-adults (0.00056 ppm;-or 3.04ug/m>). Following
publication of these values; the developmental cardiac effects.were further addressed by the IRIS. - .
program in “TCE Developmental Cardiac Toxicity Assessment Update” (EPA, 2014a) and by scientists:
in the EPA’s Office of Research and Development in the peer-reviewed literature (Makris ef al., 2016).
LRS- B R
Chronic exposure to TCE poses a potential human health hazard to the central nervous system, kldneys
liver;immune system;.and male reproductive system. As mentioned above, immunotoxicity in.adults is
considered-a co-critical endpoint, at a slightly lower concentration than that associatedwith cardiac
defects::@verall; the IRIS;program concluded that‘the human and animal studiesof TCE andimmune- -
related effects provide strong eviderice fora role:of TCE in auteimmune diseasesandiin’a specific type of
generalized hiypersensitivity syndrome”:.(EPA;2011a). Kidney toxicity was considered:a supporting” |
endpomt thh hlgh conﬁdence found in multiple lines of evidence:in:both: human and.animal studles
| S/ ! s Y %
Short-tenn exposures t0nTCE during pregnancy are associated with many forms of developmental
toxicity,including spontarieous ‘abortions; .decreased growth developmental neurotoxicity, -
developmental immunotoxicity, and birth-defects. However, the critical developmental endpoint is i
cardiac malformations. The primary.types of heart defects.observed with TCE exposures include atrial,
and ventricular septal defects, which are holes in the wall (septa) between the top two chambers (atria)
or bottom two.chambers (ventricles) of the heart, and pulmonary-and-aortic valve stenoses, which are. -
thickened or/fused:heart valves that do not properly open-and/or close and may leak:blood: The critical
window of susceptibility for these types of defects-is an approxnmate three week period (i.€.;' = ve
valvuloseptal morphogenesis; or the period:in-which major cardiac morphogenic events; such ‘as-heart,
valve formation occur).approximately four to:seven weeks after conception; early inithe first trimester;of
human pregnancy:(Dhanantwari et al., 2009). The type:and severity of the resultingicardiac
malformation or malformations depends on the timing and level of exposure to TCE within this
approximate three week period. Exposures that clear the body before this period do not impact the heart
valves and septa, because they have not yet begun to form. In humans, TCE and-most of its metabolites
are eliminated within a week of exposure (EPA, 2011a).

Carcinogenic Effects
The EPA evaluates carcinogenicity in two parts (EPA, 2005a). First, the Agency evaluates all available

scientific information and assigns a weight-of-evidence classification based on.a compound’s potential
to cause cancer.in humans. In the absence of sufficient data regarding the mode of action or if the



" weight-of-evidence supports a mutagenic mode of action, the EPA generally assumes that any exposure
to a chemical will increase an individual’s risk of developing cancer. Under this default approach, there
is no threshold below which the probability of developing cancer is zero. Second, a toxicity value is
derived to define the quantitative relationship between dose or concentration and carcinogenic response.
For inhalation exposures using the default approach, this'value is known as the inhalation unit risk. The
IUR is a generally plausible upper-bound estimate of the increased probability of developing cancer
following a lifetime of exposure. This value is used to estimate the increased risk of developing cancer
from inhalation of potentially carcinogenic chemicals.

Following the EPA’s Guidelines for Carcinogen Risk Assessment (EPA, 2005a), the IRIS program has
evaluated the carcinogenic potential of TCE and has classified it as “carcinogenic to humans” by all
routes of exposure. This conclusion is based on convincing evidence of a causal association between
TCE exposure in humans and kidney cancer, strong evidence of non-Hodgkin’s lymphoma, and more
limited evidence of liver and biliary tract cancer. The inhalation unit risk for TCE, based on these
combined cancer types, is 4.1E-06 (ug/m3)!. Sufficient evidence supports a mutagenic mode of action
for TCE-induced kidney tumors in humans, but modes of actions have not been established for the other
TCE-induced cancer types. The portion of the TCE IUR Spe01ﬁc for kidney tumors is 1 OE-06 (ug/m®)!,
while the IUR for non-Hodgkin’s lymphoma plus liver and biliary tract cancers is 3.1E-06 (pym3) &

Risk Characterization

The EPA’s RCRA and Superfund programs characterize potential human health risks using standardized
equations that combine toxicity values with exposure parameters because risk is a function of both
hazard and exposure. Typically, the EPA’s standard default exposure parameters_ for chronic scenarios,
published in OSWER Directive 9200.1-120 (EPA 2014b), are used. However, exposure assessments
must take into account the time scale related to the specific blologxcal response (NRC 1991). This
means that exposure parameters selected to evaluate risks and/or develop levels of concern for a given
chemical and scenario should correspond as closely as p0531ble with the exposure period used to develop
the toxicity value, For example, time-weighted average exposures over a lifetime have little relevance
fora developmental toxin if the adverse effects could only occur followmg exposure durmg a particular
stage of development (EPA 1992).

Non-Cancer Hazard Quotients for Cardiac béfécts

The toxicity values considered protective for a lifetime of exposure to TCE are partly based on non-
cancer health effects resulting from less-than-lifetime exposures. As previously stated, one of the two
co-critical endpoints that serves as the basis for the: TCE'RfC is cardiac defects. This effect can only
occur when the fetus is-exposed during the period of‘heart development. Therefore, the EPA’s standard
default exposure parameters for.chronic exposures are invalid for estimating hazard quotients P
representing the potential for cardiac defects associated with TCE exposures-and for deriving TCE levels
of concern that are protective of developmental endpoints. To select appropriate less-than-lifetime
exposure parameters that may be used to characterize these hazards and derive levels of concem,:the
critical exposure period of concern for TCE-related heart malformations must first be identified.

“[F]or developmental toxic effects, a primary assumption is that a single exposure at a critical time in
development may:produce an adverse developmental effect, i.e., repeated exposure is not a necessary
prerequisite for developmental toxicity to be manifested” (EPA, 1991). The EPA’s Risk Assessment
Guidance for Superfund Part A (EPA, 1989) directs the use of a day or a single exposure incident to
assess the potential risks of adverse developmental effects. Following this guidance, it is assumed that a

4



single exposure to TCE at any time during the approximate three week period of valvuloseptal
morphogenesis could result in one or more of the types of heart malformations described previously.
Thus, the critical exposure period of concern used to evaluate the potential for cardiac defects is one
day. A 24-hour exposure period has been used by the EPA to evaluate acute hazards associated with
TCE in the final, peer-reviewed TSCA Work Plan Chemical Risk Assessment (EPA, 2014c).

The EPA’s Risk Assessment Guidance:for Superfund Part F, Supplemental Guidance for Inhalation Risk
Assessment (EPA, 2009) specifies that the exposure concentration (EC) that should be used to evaluate
risks and derive levels of concern for acute endpoints is equivalent to the concentration detected in air
(CA), as shown in Equation 1.

‘EC (-:1—93—) = CA (% | (1)

Fora res1dent1al scenario, in which exposure to TCE msrde a home is assumed to occur throughout the
entire exposure period of concern, Equatron 1 is appropnate However for other types of scenanos (e.g.
industrial, commercial, recreatlonal) exposures to TCE only oceur for a portron of any glven 24-hour
period. Moreover exposures to drfferent concentratlous of TCE i} occur wrthm a smgle day at some
sites. To account for these multiple exposures, Equatlon 1 can be modified, resulting in a time-weighted
average exposure concentration. The 24-hour TWA exposure concentration can be calculated usmg
Equation 2.

ECz4 .=_; r=1(CA ET)/AT24 . | ' b ~(2)

where_: ECa (ug/m’) = trme-wel ted average exposure concentratron over 24 hours;
. CA; (ug/m’) ‘TCE coucentrelitlon in_ a1r in mrcroenvnronment (ME) i
ET; (hours) exp%sure tlme spent in ME 1 .
) AT24 (hours) averagmg tlme for the exposure penod of concem (24 hours)

Ina resmentral scenano there 1s a smgle mlcroenvrronment ‘the resxdence W1th an exposure time of 24
hours. Thus, the Residential ECa4 will equal CAres, as shown‘gln Equatlon 3 To re&ﬁ’ce unce nty in
residential scenarios, CAres should be based on air samples collected for an eritire 24- hour exposure
period. Generally, stationary 24-hour indoor air sample resplts are used._

$ 4
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In a typical* mdustnal or commercxal scenario, thére are'two mlcroenvxronments One is the workplace
and the'otheris'away from the workplace»The Industrial/Commercial ECza:can be calculated using
Equation 4,-below. Althoughithe standard value for ETwsivis‘an 8-hour workday; this variable should
reflect site-specific conditions: For example; employees at-a:given site may work:longer shifts, such as:
10 or 12 hours, and they may or may not take their lunch breaks:on’site! CAwork should:be basedon air
samples.collected for the entire exposure time, ETwerk; during'the:portion of the day that workers are
present. This is'to prevent potential underestimates of TCE concentrations if diurnal variations occur-at a
site, although such variability does not exist at all sites. Generally, stationary 8-hour or 10-hour indoor
air samples are appropriate. ETaway should equal the-remainder of the 24-hour period:spent-away from
the workplace. CAaway is generally assumed to equal zero, unless site-specific data suggest otherwise.

Aot ET, CAawayE
lndustrtal/Commercral Elzs.= (CAwori w"";i:ss away ETaway) 4)




If multiple or variable microenvironments are present at a site, it is possible to use Equation 2 to
generate a 24-hour TWA exposure concentration. However, consideration should be given to the use of
portable sampling equipment to more accurately measure true exposure concentrations to the receptor(s)
of concern over the entire exposure time, as opposed to stationary sampling equipment positioned in
multiple areas where exposure occurs.

Non-cancer hazard quotients for heart defects can be derived using Equation 5, where HQ24 is the
developmental hazard quotient; ECa4 is the 24-hr time-weighted average exposure concentration
calculated using Equations 2, 3, or 4; and the RfC is 2 ng/m>. As shown in Equation 5, a hazard quotient
is the ratio of the exposure to the non-cancer toxicity value. Thus, an HQ greater than 1 means that the
exposure is greater than the RfC and exceeds a level of concern for that particular non-cancer health
effect.

EC24

HQz4 = RfC ®)

Equation 5 can be combined with Equation 3 or 4 to calculate the developmental hazard quotients
(HQx4) for a residential or industrial/commercial receptor, as follows.

CAres

Residential HQ,4 = m— ©)
Industrial/Commercial HQy4 = (CAwork ETW;:';I);(ZCi;way ETaway) (7

Non-Cancer Hazard Quotients for Chronic Health Effects

Autoimmune disease, a co-critical endpoint upon which the TCE RfC is based, and kidney toxicity, the

supporting endpoint, are both health effects associated with chronic or long-term exposures. Equation 8
is the standardized equation used to evaluate non-cancer hazard quotients for chronic health effects; the
exposure parameters are defined in Table 1. If seasonal or temporal fluctuations in TCE concentrations

potentially exist, consideration should be given as to whether sufficient data are available to generate an
average concentration for use as the CA term. If the dataset is limited, it may be more health-protective

to use the highest concentration detected.

: hrs\ (1day days y '
HQ L= e (;l) ET(day) 24 hrs) EF(y:ar) EDNdary) ®)
chronic AT nc.chronic(days)-RfC ms)

The above equation can be presented in terms of residential or industrial/commercial exposure scenarios,
as shown below. Note that it is only appropriate to calculate non-cancer hazard quotients for chronic
health effects for those receptors with long-term exposures.

CAre,(ﬁ%)-ETres L s (ﬂ)-sﬁm days )EDC,uld(years)

Residential HQ ;= day) \24 hrs year 9)
chrones ATnc,chramc,child(da)'S) Rfc(::g) y (
hrs 1day days
. CAwork _%’ ETwork Sivs) EFwork\5 o0y ) EPwork (Years)
Industrial /Commercial HQcpronic = (5 (d“" J i) Y cer) 10)

m
ATnc.chronu:,work(days)'RfC(m—g



Cancer Risks

TCE is classified “carcinogenic to humans,” based on kidney cancer, non-Hodgkin’s lymphoma, and
liver and biliary tract cancer. Equation 11 is the standardized equation used to evaluate excess individual
lifetime cancer risks; the exposure parameters are defined in Table 1. If temporal fluctuations in TCE
concentrations potentially exist, consideration should be given as to whether sufficient data are available
to generate an average concentration for use as the CA term. If the dataset is limited, it may be more
health-protective to use the highest concentration detected.

ca(¥8) er(105) (229 pr(49%5) £p(yearsyur(2S)

CR =
ATcancer(days)

(11)

The above equation can be presented in terms of residential or industrial/commercial exposure scenarios,
as shown below. Because a mutagenic mode of action has been established for kidney tumors associated
with TCE, it is necessary to apply age-dependent adjustment factors when deriving risks for this cancer
type in children (EPA, 2005b). ADAFs are not applied when deriving risks for non-Hodgkin’s
lymphoma or liver and biliary tract cancers associated with TCE exposures because they have not been
determined to operate via a mutagenic ' mode of action. Because only adults are evaluated in an
industrial/commercial exposure scenario and no adjustments for mutagenicity are made for adults (i.e.,
ADAF;gur = 1), ADAFs are not included in Equation 13.

Ares(55) ETresgy) Ganee) Erres Sens

ATcancer(days)

, ‘ .
Residential CR = ( )) . [(EDo_z (years) - IURy;q (%)

-1 , ' -1
ADAFo._z) + (ED2_16(yeaT$) - lURkid (;‘;ga') i ADAF2_15 + (EDls_ze(years) . IURkid (’:Tg;)

-1
ADAFadu,t)+(EDfes(years)-lURN&,, (ﬁ%))] a snielis 1y e (12)

Q lndustrlal /Commerclal C R=
CAwork("g') ETwark(:;;) (21::,).;) 3 work(ymrs EDwafk(J’ears) 1UR (—%)

..... i > 1 . (13)

ATcancer(days) (ar

The definitions, values, and references for the exposure parameters and toxicity values used in this
document are provided in Table 1. For the chronic scenarios, the EPA’s staridard default exposure
parameters (EPA, 2014b) are used to Best represent reasonable maximum exposure scenarios, which are
the highest exposures reasonably expected to occur at a site (EPA, 1989). These values are based on the
2011 Exposure Factors Harldbook (EPA, 2011c).-Although the default'exposure time for an indoor
worker is 8 hours/day, it is preferable to identify a'site-specific worker exposure time.

¥

ADAF.» Age-dependcnt adj ustment factor = ages 0 to 2 years =3 Y 10 EPA, 2005b
ADAF>.6 Age-dependent adjustment factor — ages 2 to 16 years - 3 EPA, 2005b
ADAFagu Age-dependent adjustment factor — ages 16 years and older - 1 EPA, 2005b
ATy Averaging time — developmental effects hours 24 -
AT cancer Averaging time — cancer days 25,550 EPA, 2014b




!I‘able 1. Exposure. Paramete :Toxxuthal les. Seemmenb i Seniniimat e Rt
_ Parameter 4 __Definition” Units Value _ Reference
e Averagmg time — chroruc non-cancer health effccts
AT e éhronic, child resident child days 2,190 EPA, 2014b
AT e ok ;\,zt:lr;%mg time — chronic non-cancer health effects, indoor days 9,125 EPA, 2014b
CA Concentration of TCE in air pug/m® | Measured -
CAres Concentration of TCE in air of the residence pg/m® | Measured -
CAwork Concentration of TCE in air of the workplace pg/m® | Measured
EDg.2 Exposure duration — ages 0 to 2 years years 2 EPA, 2005b
ED:.16 Exposure duration — ages 2 to 16 years years 14 EPA, 2005b
EDj6.26 Exposure duration — ages 16 to 26 years years 10 EPA, 2005b
EDchild Exposure duration — resident (child, ages 0 to 6 years) years 6 EPA, 2014b
ED. )l?:;g;urc duration — resident (child + adult, ages 0 to 26 years 2% EPA, 2014b
EDwork Exposure duration — indoor worker years 25 EPA, 2014b
EFes Exposure frequency — resident days/yr 350 EPA, 2014b
EFwork Exposure frequency — indoor worker days/yr 250 EPA, 2014b
ET Exposure time — time spent away from work by an indoor gl 16 or site- i
i worker (24 hrs/day minus ETwork) y specific
ETres Exposure time — time spent at home by a resident hrs/day 24 EPA, 2014b
ETwork Exposure time — time spent at work by an indoor worker hrs/day Bor S.“e' EP.A’ 2014,b or
_ specific site-specific
IUR TCE inhalation unit risk - total (ug/m?)! | 4.1E-06 EPA, 2011a
TURid TCE inhalation unit risk — kidney cancer (ug/m?)" | 1.0E-06 EPA, 2011a
TCE inhalation unit risk — non-Hodgkin’s lymphoma and et
[URNaL liver and biliary tract cancers (hg/m «) 345-00 EEe, 0L1A
RfC TCE reference concentration pg/m’ 2 EPA, 2011a
THQ Target hazard quotient - 1 -
‘ o ) Upper-end of
TR Target cancer risk - 1E-04 Target Cancer
~ 4 Risk Range

Action Levels
Level of Concern for Developmental Effects

Equatlons 2 and 5 can be manipulated to solve for the level of concern for developmental health effects,
using a target non-cancer hazard quotient of 1, as follows. Note that the only exposure parameter that
can vary in this calculation is the exposure time. The TCE levels of concern for developmental effects
based on standard exposure times are provided in Table 2. For a 24-hour residential scenario, the
developmental LOC equals 2 pg/m’. For a typical 8-hour industrial/commercial scenario, the
developmental LOC equals 6 pg/m?. Site-specific developmental LOCs may be derived using alternate
exposure times; for example, a 10-hour exposure time results in a developmental LOC of 4.8 pg/m’.

THQ-AT,4(hrs)-RFC(£4
TCE LOCdevelomeTltal (#g) - 2‘E‘_r(hrs) (m3) (14)
day

124 hrs2 £4
i P
24 hrs

TCE Residential LOCgepetopmentat (“‘q) = (15)



124 hrs2 £Z
__m_

ETwork (day)

(16)

TCE Industrial/Commercial LOCgevetopmental (” g ) =

Level of Concern for Chronic Non-Cancer Health Effects

Equation 8 can be manipulated to solve for the level of concern for chronic, non-cancer health effects,
using a target non-cancer hazard quotient of 1 and the exposure parameters presented in Table 1, as
follows. For a residential scenario, this LOC equals 2.1 pg/m?3, which is the value listed as the non-
cancer residential air Regional Screening Level for TCE, based on an HQ of 1 (EPA, 2016b). For an
industrial/commercial scenario, the chronic LOC equals 8.8 pg/m?, which is the value listed as the non-
cancer worker air RSL for TCE, based on an HQ of 1. Site-specific chronic LOCs may be derived using
alternate exposure times or other parameters.

, THQATncchronic(days) RFC(ES)
TCE LOC:nronic (£2) = - 17
oot (28) = 7y EREC T T
! ¢ THQ:AT (d )RfC

TCE Residential LOConronic (A2) = — ey L re(ts) a8)

i e ETres (day) (24 hrs) "e‘(year) EDcnia(Years)

THQ-ATy, lew (ci S)RFC
TCE Industnal/Commerczal LOC chronic (:‘ ‘Z) = corrontcwork(daysy A1 C(z4) 19)

ETW"""(;;;) (z%%r%) EFW"""(year) EDwork(vears) .
¥y ; h

Level éf Concern fo;*l Cancer Risks

Equations 11, 12, and 13 can be manipulated to solve for the level of concern for cancer risks, using'a
target.excess cancer risk (TR) of 1E-04, which is the upper bound of the EPA’s target cancer risk range,
and the exposure parameters presented in Table 1, as follows. For a residential scenario, this LOC equals
48 pg/m?, and for an industrial/commercial scenario, the cancer LOC equals 300 pg/m?.

TCE LOC ﬂ TR ATcancer (da)’s) 20
ancer (1) = TG G BF (e Epvearsyiun(2d) =

TCE Residentiaji‘giq‘ccancer (%) =

. TR-ATmffer(days) " 1)

hrs) (1 da ) (EL (EDo-z(yeaTS)'lURk(d(.—":l%) ‘ADAFQ..;)-}-(E_DZ_ls(years)-[URk[d(.gﬁ,) ) 'ADA,Fz‘lﬁ)*' .
= gl ot (5015—25(3’8‘17'5)" Uka(ﬁ%)_l-ADAF,G_ZG)+(ED,',_.5(yearS)-lURN&L(%g-)—l) .
TCE Industrial/Comm. LOCcancer (22) = L eapeer L0V @2)

m? ETwork :;;) (;d::;) Fwork ;1,_:%) EDwark(J’ea"'S)'IUR(‘,’ﬁg;‘)-1

As shown below in Table 2, the levels of concern for developmental health effects are lower than the
LOC:s for chronic health effects and cancer, for both residential and occupational scenarios, when based
on target hazard quotients of 1 or target cancer risks of 1E-04. These are the levels of risk that, when
exceeded, warrant action under the National Contingency Plan. Basing the Region 7 TCE action levels



on the developmental LOCs is protective for all potential forms of adverse health effects associated with
TCE. Thus, the action level for a residential scenario is 2 pg/m?, and the action level for a typical
industrial/commercial scenario with an 8-hr workday is 6 pg/m>. As previously mentioned, the
developmental LOC, and thus the action level, is highly dependent on the exposure time. Therefore, for
non-residential exposure scenarios, careful consideration should be given to the value selected as the
exposure time.

Table 2. Levels of Health Concern for I richloroethylene (ig/m’), THQ = 1and TR = 1E-04,
Residents (24-hr Exposure Scenano)

Developmental Non-Cancer LOC: 2
Chronic Non-Cancer LOC: 2.1
Cancer LOC: _ 48

""" Region 7 Residential TCE Action Level: |
_Industrial/Commercial Workers (8 hr Exposure Scenano)

Developmental Non-Cancer LOC: 6

Clzromc Non-Cancer LOC 8.8

Risk Management Considerations

If the TCE action level is exceeded, this indicates a potential imminent threat to human health, and early
or interim action(s) should be taken to eliminate, reduce, and/or control the hazards posed by the site
(EPA, 2014d). At Superfund sites, coordination between the remedial and removal programs should
immediately commence as early as the receipt of preliminary sampling results indicative of a potential
human health concern (EPA, 2016c¢). Potential receptors should be informed of the results and potential
risks to human health. Standard Region 7 practice is to communicate this information via data
transmittal letters submitted to property owners and employers, but when TCE action levels are
exceeded, tenants, residents, employees and others who may be exposed should also be informed.
Although the action levels derived in this document are applicable to women in the first trimester of
pregnancy, note that the levels protective of autoimmune disease and kidney toxicity in all individuals
are not significantly different, at 2.1 and 8.8 ug/m>, for residents and workers, respectively. Depending
on the concentrations detected, immediate site actions could include relocation, restricting the time
residents or workers remain in areas exceeding action levels, opening basement or lower level windows
for ventilation (using a fan), sealing cracks in the slab, sealing sump pits, sealing cinder block or stone
walls, and/or using air filtration systems. Vapor mitigation systems or adjustments to HVAC systems
may be used to minimize exposures on a more long-term basis. Post-remedy testing and continued
operation and maintenance is necessary to ensure protection of human health until the source of TCE in
soil and/or groundwater is ultimately addressed.

Other EPA Regions and states have derived tiered action levels prescribing the types and urgency of
various responses, as described below.

* Although Region 7 consistently uses a THQ of 1 as the basis for both removal and remedial
Superfund actions, other Regions have used a THQ of 3 as a science policy approach to prioritize
actions that may warrant the use of removal authority, with ultimate cleanup goals based on a
THQ of 1. Since non-cancer toxicity values have historically been based on effects resulting
from chronic exposure, this practice assumes that the most highly contaminated sites will be
remediated first, but all sites will be remediated before exposures have occurred for a sufficiently
long duration (e.g., 25 years as a worker or-26 years as a resident) to pose significant health risks.
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This assumption is not protective of the short-term health effects associated with TCE, in which
the critical window of susceptibility is an approximate three week period and a single exposure
during this critical time may result in cardiac malformations.

* Tiered action levels could also be derived by reducing the uncertainty factor applied to the RfC
from 10 to 1. The existing UF of 10 is applied for uncertainty regarding differences'in
pharmacodynamics between animals and humans and between the general population and
sensitive subpopulation. Other than the toxicokinetic variability characterized by the
physiologically-based pharmacokinetic model, EPA (2011a) indicates that there are inadequate
chemical-specific data to quantify the degree of dlfferentlal susceptlblhty due to factors such as
genetic polymorphisms, race/ethnicity, preex1stmg health status, lifestyle factors, and nutritional
status. The UF of 10 was included in the extensive peer-review process.described in this
document, and Region 7 does not have justification to alter this value.

* Similarly, the selection of a 1% excess risk as the benchmark response and a human equivalent
concentration for a toxicokinetically sensitive 1nd1v1dual at the 99th percentlle were both
extensively reviewed, and Region 7 does not have Justlﬁcatlon to alter these criteria.

Although Region 7 has not developed tiered levels because this app'roach may not be protective of
human health, higher concentrations of TCE are associated with'greater-health risks:Actions should be
implemented as quickly as is;practicable to minimize risks of developmental toxicity. This document
reinforces that Region 7 should expedite actions to protect human health whenever the TCE air
concentration exceeds 2 pg/m? in a residential scenario or 6 pg/m?® foran 8-hour-worker scenario!

a4
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FANTASTIC CAVERNS
GREENE COUNTY
EMPLOYEE FACT SHEET - TCE EXPOSURES 2016

N
NN
Caraal

MISSOURI

&

@ DEPARTMENT OF
NATURAL RESOURCES

BACKGROUND »

¢

Trichloroethylene (TCE), a chemical historically used as a solvent to clean metal parts and which
readily evaporates into air, has been found in the air within Fantastic Caverns. This sampling was
conducted as part of an environmental investigation to determine if air inside caves visited by the
public is affected by nearby sites where releases of contaminants are known to have occurred.

The Missouri Department of Natural Resources (MoDNR) collected air samples from inside the cave
in April and July 2016. TCE was detected in July above health-based levels of concern.

The TCE in Fantastic Caverns is believed to be related to a former manufacturing facility located in
Springfield, three miles south-south east of the cave. It is believed that TCE from this site has moved
through soil and groundwater and eventually evaporated into the cave’s air.

FUTURE SAMPLING ACTIVITIES

¢

Many sampling events over time are necessary to determine the variability in TCE levels due to
seasonal variation in temperature, barometric pressure and air flow.

MoDNR is discussing with the cave owner about conducting air sampling in the cave over time to
evaluate TCE levels and to collect the necessary data for health officials to evaluate potential risk to
employees and to determine appropriate response actions.

HEALTH INFORMATION

¢

In general, exposure to a chemical does not necessarily mean health effects will occur. The effect of
exposure to any chemical depends on several things, including the concentration and toxicity of the
chemical, the length of the exposure, and personal factors such individual health and sensitivity.

The effect of concern from short-term exposure is the potential for fetal heart defects to occur in
developing fetuses of pregnant workers, if exposure occurs during fetal heart development in the
first trimester of pregnancy (weeks six through nine of gestation). Given this, there is also a concern
for women of child-bearing age in general, since fetal heart development may occur during a time
when a woman may not know she is pregnant.

Workers with long-term exposure to TCE in cave air may be at increased risk of other harmful
effects and possible increased cancer risks, if exposure occurs over extended periods of time. Long-
term TCE exposure is associated with harmful effects to the immune system, nervous system,
kidney, liver, and male reproductive system and is also associated with increased cancer risk for
liver, kidney and non-Hodgkin’s lymphoma.

CONTACT INFORMATION

*

¢

For health-related questions regarding TCE exposure, please contact Michelle Hartman with
MDHSS at 573-751-6102.

For information on the cave investigation, please contact Wane Roberts with MoDNR at 573-751-
4187.



and habits, and whether other chemicals are present.

What is trichloroethylene?

Trichloroethylene is a colorless, volatile liquid. Liquid
trichloroethylene evaporates quickly into the air. Itis
nonflammable and has a sweet odor.

The two major uses of trichloroethylene are as a solvent
to remove grease from metal parts and as a chemical

that is used to make other chemicals, especially the
refrigerant, HFC-134a. Trichloroethylene was once used as
an anesthetic for surgery.

What happens to trichloroethylene when
it enters the environment?

« Trichloroethylene can be released to air, water, and
soil at places where it is produced or used.

« Trichloroethylene is broken down quickly in air.

« Trichloroethylene breaks down very slowly in soil and
water and is removed mostly through evaporation
to air.

« lItis expected to remain in groundwater for long time
since it is not able to evaporate.

 Trichloroethylene does not build up significantly in
plants or.animals.

How might | be exposed to
trichloroethylene?

« Breathing trichloroethylene in contaminated air.

» Drinking contaminated water.

« Workers at facilities using this substance for
metal degreasing are exposed to higher levels of
trichloroethylene.

« Ifyou live near such a facility or near a hazardous

waste site containing trichloroethylene, you may also
have higher exposure to this substance.

CS256651A

Trichloroethylene - ToxFAQs™

This fact sheet answers the most frequently asked health questions (FAQs) about trichloroethylene. For more information,
call the CDC Information Center at 1-800-232-4636. This fact sheet is one in a series of summaries about hazardous
substances and their health effects. It's important you understand this information because this substance may harm you.
The effects of exposure to any hazardous substance depend on the dose, the duration, how you are exposed, personal traits

HIGHLIGHTS: Trichloroethylene is used as a solvent for cleaning metal parts. Exposure to
very high concentrations of trichloroethylene can cause dizziness, headaches, sleepiness,
incoordination, confusion, nausea, unconsciousness, and even death. The Environmental

Protection Agency (EPA) and the International Agency for Research on Cancer (IARC) classify
trichloroethylene as a human carcinogen. Trichloroethylene has been found in at least 1,045
of the 1,699 National Priorities List sites identified by the EPA.

\ ency for Toxic Substances and Disease Regist
| )X an 1hd S o

CAS #79-01-6

How can trichloroethylene affect
my health?

Exposure to moderate amounts of trichloroethylene may
cause headaches, dizziness, and sleepiness; large amounts
may cause coma and even death. Eating or breathing
high levels of trichloro—ethylene may damage some of
the nerves in the face, Exposure to high levels can also
result in changes in the rhythm of the heartbeat, liver
damage, and evidence of kidney damage. Skin contact
with concentrated solutions of trichloroethylene can cause
skin rashes.

There is some evidence exposure to trichloroethylene
in the work place may cause scleroderma (a systemic
autoimmune disease) in some people. Some men
occupationally-exposed to trichloroethylene and other
chemicals showed decreases in sex drive, sperm quality,
and reproductive hormone levels.

How likelyis trichloroethylene to
cause cancer?

There is strong evidence that trichloroethylene can
cause kidney cancer in people and some evidence for
trichloroethylene-induced liver cancer and malignant
lymphoma. Lifetime exposure to trichloroethylene
resulted in increased liver cancer in mice and increased
kidney cancer and testicular cancer in rats.

The IARC and the EPA determined that there is convincing
evidence that trichloroethylene exposure can cause
kidney cancer. The National Toxicology Program (NTP) is
recommending a change in cancer classification to “known
human carcinogen” http://ntp.niehs.nih.gov/ntp/roc

monographs/finaltce 508.pdf.




Trichloroethylene

How can trichloroethylene
affect children?

It is not known whether children are more susceptible
than adults to the effects of trichloroethylene.

Some human studies indicate that trichloroethylene

may cause developmental effects such as spontaneous
abortion, congenital heart defects, central nervous system
defects, and small birth weight. However, these people
were exposed to other chemicals as well.

In some animal studies, exposure to trichloroethylene
during development caused decreases in body. weight,
increases in heart defects, changes to the developing
nervous system, and effects on the immune system.

How can families reduce the risk of
exposure to trichloroethylene?

« Avoid drinking water from‘sources that are known
to be contaminated with trichloroethylene. Use
bottled water if you have concerns about the
presence of chemicals in'your tap water. You may
also contact local drinking water authorities and
follow their advice.

« Discourage'yourchildren from putting objects in
theirmouths. Make surethat they wash theirhands
frequently and before eating.

« Prevent children from playing in dirt or eating dirt if
you live near a waste site that has trichloroethylene.

« Trichloroethylene is'used in many industrial products.

Follow instructions on product labels tominimize
exposure to trichloroethylene.

Where can | get more information?

CAS #79-01-6

Is there a medical test to show whether
I've been exposed to trichloroethylene?

Trichloroethylene and its breakdown products
(metabolites) can be measured in blood and urine.
However, the detection of trichloroethylene or its
metabolites cannot predict the kind of health effects
that might develop from that exposure. Because
trichloroethylene and its metabolites leave the body

fairly rapidly, the tests need to be conducted within days
. after exposure.

Has the federal government made
recommendations to protect human
health? ' '

The EPA set a maximum contaminant.goal (MCL) of 0.005
milligrams per liter (mg/L; 5 ppb) as a national primary
drinking standard for trichloroethylene.

The Occupational Safety and Health Administration
(OSHA) set a permissible exposure limit (PEL) of 100 ppm
for trichloroethylene in air averaged over an 8-hour
work day, an acceptable ceiling concentration of 200
ppm provided the 8 hour:PEL:is not exceeded, andan
acceptable maximum peak-of 300 ppm for a maximum
duration of 5 minutes in any 2 hours.

The National Institute for Occupational Safety. and Health
(NIOSH) considers trichloroethylene to be a potential
occupational carcinogen and established a recommended
exposure limit (REL) of 2 ppm (as a 60-minute ceiling)
during'its use as an anesthetic agent and 25 ppm (as a
10-hour TWA) during all other exposures.

References'

This ToxFAQs™iinformation is taken from the 2014
Toxicelogical Profile for Trichloroethylene(Draft for
Public Comment) produced by the Agency for Toxic
Substances and Disease Registry, Public Health Service,
U.S. Department of Health and Human Services.

For more information, contact the Agency for Toxic Substances and Disease Registry, Division of Toxicology
and human Health Sciences, 1600 Clifton Road NE, Mailstop F-57, Atlanta, GA 30329-4027.

Phone: 1-800-232-4636.
ToxFAQs™ lon the web: www.atsdr.cdc.gov/toxFAQs.

ATSDR can tell you where to find occupational and environmental health clinics. Their specialists can recognize, evaluate,
and treat illnesses resulting from exposure to hazardous substances. You can also contact your community or state health
or environmental quality department if you have any more questions or concerns.

May 2015

Page 2 of 2






